Abstract -Teaching pedagogies are continuously evolving as technology transforms education practices by empowering students not only in the classrooms but also in research laboratories. This paper focuses on the implementation of a constructivist educational approach in engineering classrooms. In addition to engineering approaches, we will also discuss pedagogies of engagement, such as problem-based (inquiry-based) learning and team projects. Recommendations for implementing a problem-based learning (PBL) approach for electrical engineering classrooms provide for active student learning.
INTRODUCTION
Auram and Roska collected data from 29 colleges and universities across America and concluded that more than one third of the students lacked fundamental skills, such as critical thinking, complex reasoning, and written communication [1] . The task of reaching out to students from various backgrounds and capturing their imaginations requires a fundamental and systematic approach [2] . The research suggests that a large number of students enrolled in undergraduate programs are unable to translate the knowledge acquired in classrooms into practical applications in the real world.
Engineering educators are often unfamiliar with learning theories of educational philosophy [3] . Most science and technology professors do not engage students effectively since they do not have any formal training about teaching methods. At the same time, pedagogical methods that work with students from non-engineering disciplines can vary for those students within engineering fields [4] . Traditional teacher-oriented lectures and blackboards are still commonly used in engineering classrooms. On the other hand, pedagogies of engagement, such as discussions, debates, and formats fostering student opinions, are often easily implemented in arts and humanity courses, but they are rarely implemented in engineering education courses.
Engineers work with rules, laws, and limitations although out of the box thinking is encouraged. Engineering faculty feel responsible to teach basic science and fundamentals of engineering, such as properties of materials, components, rules and limitations.
For the most part, solving mathematical equations on the blackboard or on paper is still the most utilized way to learn concepts in engineering.
Advancements in multimedia have given new tools to the education community. Thus, engineering educators have rapidly adopted multimedia for instructional purposes in the classroom. Along with its advantages and benefits, the widespread use of multimedia in education in general and engineering education in particular, however, is a growing concern for the education community. For example, it is often not possible for students to absorb significant details and principles by observing PowerPoint presentations; intuitive understanding needs more interactive approaches. Pedagogies of engagement, such as inquiry-based learning and team projects, are perhaps the more effective ways to engage students in engineering classrooms.
Engineering curricula also usually involve lab courses. These courses are designed to promote active and problembased learning. However, the traditional approach to lab courses is to give students manuals with step-by-step instructions on how to conduct experiments; as the result, students are unable to create a conceptual relationship between classroom instruction and lab courses. Instead of sparking creativity and helping students discover ideas independently, such lab manuals hinder students' creative thinking in many ways. Thus, actively engaging or involving students is still a challenge in engineering classrooms.
RECOMMENDATIONS FOR INTERACTIVE ENGINEERING CLASSROOM ENVIRONMENTS
Undergraduate engineering students often lose their interest due to the demanding mathematics within the engineering courses. Many electrical and computer engineering courses, such as Microwave, Signal Systems and Antenna Design, cannot be taught with mathematical derivation in details.
The faculty teaching such courses usually take the so-called "Trust Me" approach: "trust me, you need to know this to be successful in your field" [1] . We note that student involvement in such courses can be increased through the introduction of real-life applications and through instruction modules. We believe that students should be given opportunities to practice what they learn as they learn. They should not need to wait for additional semesters to see how to use their education in practice. (Generally, engineering students are required to declare their major within the first year of college. Most engineering students come to college with certain interests and expectations about a particular professional career.) Pedagogies of engagement, such as Problem-Based Learning (PBL), can be very effective in engineering classrooms. Problem-based learning focuses on an understanding of the problem instead of just the solutions. Learning results from the process of working toward an understanding or resolution of the problem [5] . PBL develops critical skills and supports the development of time management skills, independence, higher intellectual selfesteem, and self-confidence.
Engineering practices are continuously changing, and engineering students are required to develop knowledge that can be applied to a variety of situations. If students are introduced to one model or algorithm to solve a problem, they often need to generalize and try to implement the same model in every situation. The role of an instructor is that of a facilitator, who provides students with information and the sources and tools necessary for active learning. Instead of focusing exclusively on laws, theories, and mathematical derivations to prove the laws, engineering students should be encouraged to explain and discuss ideas and test the limits and applications of engineering laws. This approach is a constructivist rather than rule-based approach to learning, which supports inquiry and seeking solutions to problems.
In problem-based learning, students develop problem solving, collaboration, decision making, and self-directed learning skills [6] . Formulating a problem is the first step in solving a problem students have never encountered before. Ideally, problem-based learning occurs when "students are confronted with a problem that launches their inquiry as they collaborate to find solutions. Students identify the problem based on the facts from the scenario, and they began to generate hypotheses about solutions. As they suggest hypotheses, they find missing information. Students apply their knowledge, evaluate their problem solutions, recycle the research again if necessary" [6] . Throughout this process, the faculty provides support and scaffolding through guidance and expertise. PBL helps develop both fluid and crystallized intelligences in engineering students since students need to acquire both discipline specific knowledge (measured as crystallized intelligence) and problem solving analytic ability (measured as fluid intelligence).
In many undergraduate electrical engineering programs, cooperative learning, working together to solve a problem and problem-based learning are often introduced for the first time in a senior design project, when students are tested on their ability to solve complex engineering problems. The measure of success for these projects includes knowledge acquisition, retention, problem formulation, thinking with reasoning, and problem solving [5] . We propose introducing real-world engineering designs and technology earlier in students' programs and in classrooms where students are learning the basics of science and engineering. Therefore, we have developed some experiments as examples for engineering courses that include extensive mathematics. This integration of proposed experiments and labs into engineering curricula also functions to support academic adjustment programs and serves as a platform for studentfaculty interactions, which have proven to facilitate overall academic achievement and student retention [7, 8] . Studentteacher interaction is necessary in developing a studentcentered curriculum. The proposed labs help structure learning environments through interactive participation.
IMPLEMENTATION OF AN EXPERIMENT-BASED PEDAGOGICAL APPROACH
In this paper, we discuss experiments developed from kits and materials that can be acquired for minimal cost; one challenge in teaching lab-based courses is the acquisition of resources to develop labs and experiments. In this paper, we provide an example of problem-based learning integrated in an antenna course. The engineering applications of electromagnetic theory require a deep understanding of Maxwell's equations. Antenna design, as an example, is based on classical electromagnetic theory described by Maxwell's equations. Antenna characteristics such as gain, impedance, VSWR, and reflection coefficient can be determined by Maxwell's equations. In many antenna design and microwave courses, mathematical modeling and derivation are followed by the designing of antenna through simulation software. Usually students are unable to implement these designs during the semester. In an effort to promote problem-based learning (PBL) and cooperative learning, here we present some experiments that can be integrated into graduate and undergraduate microwave and antenna design courses. Students can implement the design without taking a formal lab course. We have designed several patch and conformal antennas from off-the-shelf material and components. Following mathematical derivation and simulations, students should be encouraged to implement various designs and to verify the results.
Antenna properties, such as impendence and feed patterns, depend on feed placement and are usually determined using Maxwell equations. Wave propagation in material can be understood with Maxwell equations. Maxwell equations enable us to understand how material properties effect engineering designs. High contact dielectric constant materials exhibit slow wave propagation and can be used to reduce antenna size. For the proposed learning modules, students should be given different designs and choices of materials to solve a design problem. In Figure 1 we present a design of a dual band antenna that can be fabricated in interactive microwave classroom environments.
We have fabricated and tested various antennas from The total cost is around $80 in parts and supplies, not counting the wire, solders and measurements tools, such as voltmeters available in any electrics lab. MOTS and RF modules to test antenna can be shared between students. Typically such modules cost approximate $80.00. Figure 2 below shows the kit and Figure 3 presents some antennas that are developed for a microwave course. RSSI stands for relative signal strength indicator and supplies a voltage output that is an indication of the received signal strength. 2.4GHz MOTS are used to test the antennas. RSSI readings suggest that 2.4 GHz antenna outperform the self-dipole antennas. RSSI readings are given below:
• RSSI readings from 2.4 GHz patch array are 1.2 -1.4.
• RSSI readings from off-the-shelf dipole antenna 
SUMMARY
Traditionally, engineering faculty do not get formal training in the pedagogy of teaching and are not familiar with educational philosophies and pedagogies of engagement. Most engineering educators believe that solving mathematical equations on the blackboard is the only effective way to teach in engineering classrooms. Problembased learning encourages the development of fluid intelligence and of crystallized intelligence; although these are valued, they are not effectively promoted in traditional engineering classrooms. Laboratories in engineering curricula are necessary to promote active and problem-based learning. Most lab courses are offered as separate courses and students fail to create a conceptual relationship between theoretical mathematics and demanding classroom lessons and lab courses. Our example of hands-on lab experiments that could be integrated in microwave and antenna design X-act Knife courses addresses active learning in the electrical engineering curriculum and thus encourages interactive participation in traditional engineering courses.
